ABSTRACT aIM: Laboratory training models are essential for developing and refining treatment skills before the clinical application of surgical and invasive procedures. A simple simulation model is needed for young trainees to learn how to handle instruments, and to perform safe lumbar transforaminal epidural injections. Our aim is to present a model of a fresh cadaveric sheep lumbar spine that simulates the lumbar transforaminal epidural injection.
Suslu H: Percutaneous Lumbar Transforaminal Epidural Injection

InTRoduCTIon
With fluoroscopically guided spinal injections becoming more common, precise access to the intervertebral foramen, as well as the pain generators, is possible through a safe and reliable technique (3, 12, 15) . Transforaminal epidural steroid injections under mobile C-arm guidance is an effective nonsurgical treatment option for patients with degenerative lumbar scoliotic stenosis and radiculopathy. These injections are commonly used to deliver medication selectively to the epidural space near the exiting spinal nerves. The goal of the transforaminal approach is to enter the intervertebral foramen, while avoiding dural puncture, vascular injection, and segmental nerve trauma (1,9,10). Epidural anatomy and pathologic conditions will affect the spread of an injectate, further complicated by the presence of induration, mass effect, or scar. These risks are well managed if meticulous technique and due diligence are practiced by well-trained physicians.
Training in the laboratory to gain familiarity with the techniques of pain treatment and to acquire skills in handling instruments is fundamental (2, 4, 5, 6, 7, 8, 12, 14) . Practicing pain treatment skills and gaining experience on animal or cadaveric models before exposure to patients are useful.
mATeRIAlS and meThodS
This study was performed at the Dr. Lutfi Kırdar Kartal Education and Research Hospital. The sheep spine was obtained from a local butcher. The material consisted of a 2-year-old fresh cadaveric sheep spine (thoracal and lumbar region). It was kept in the refrigerator at 4-8 o C for 6 hours after the specimen was obtained. The specimen was placed prone on the x-ray table top which was padded to provide flattening of the lumbar lordosis and stabilized. The positioning of the sheep spine is in the similar prone position. A 22-gauge spinal needle was used. Two ml of non-ionic contrast (Omnipaque 300) was used for injection. The procedure was performed under C-arm guidance (Ziehm 8000, Ziehm imaging GmbH, Germany). The steps were adjusted to get the proper oblique view for showing the biggest neural foramen.
ReSulTS
For the lumbar transforaminal epidural injection, the fluoroscope was adjusted to get a proper oblique view while the material was in a prone position and stabilized. The procedure then begin, using the C-arm guidance scopy.
The first step consists of the lumbar pedicle corresponding to the targeted foramen (Figure 1 ). The lumbar region is prepared with a 22-gauge spinal needle using an anterioposterior (AP) view and oblique view image. To obtain the best oblique view of the lumbar intervertebral foramen, a true AP view was made first and the scope was rotated toward the side to be injected approximately 30°. Oblique view with a 22-gauge spinal needle in excellent position and in the middle aspect of the foramen. 
dISCuSSIon
Percutaneous lumbar transforaminal epidural steroid injections are used for the treatment of lower back pain with a radicular component secondary to lumbar disc pathology or failed back surgery syndrome. Transforaminal epidural injections of anesthetic and corticosteroids are generally safe with a reported minor complication rate of 10% in the lumbar spine (3,17). Advantages of transforaminal corticosteroid injection come with increased complexity, requiring technical expertise, and bringing with it a significantly increased risk of morbidity. Rare but serious morbidity has also been documented including intravascular injection, dural puncture, transient paraplegia, spinal cord infarction with myelopathy, subdural hematoma, cerebellar infarct, and death (1,15). Potential complications of dural puncture and subsequent injection into the subdural and subarachnoid spaces include cauda equina and conus medullaris syndromes, persistent paresthesias, arachnoiditis, meningitis, temporary respiratory depression, ascending weakness/sensory loss, apnea, and unconsciousness (9,10,11,15). Recognition of abnormal contrast flow during transforaminal epidural injection should help reduce the risk of these complications. These cases demonstrate appropriately placed needles, yet upon injection of contrast, subdural disbursement of contrast ensued. The purpose of these cases is to demonstrate contrast patterns that occur after dural puncture, which can occur despite apparent proper needle placement and lack of CSF flashback.
The anatomy of the lumbar intervertebral foramen is complex. Therefore, a good knowledge of the anatomy, and appropriate handling of the needle is essential. A pair of spinal nerve roots leaves and penetrates the dural sac in an inferolateral direction, taking with them an extension of dura and arachnoid mater referred to as the dural sleeve (12, 14) . The cadaveric sheep spine model presented here is intended only for laboratory training, as discussed previously. This is not an anatomic study of the sheep spine in the context of veterinary medicine (13) . Therefore, except for the anatomic similarities to corresponding structures of the human spine, other definitions, locations, and variations of vessels and neural structures mentioned in this article are not the subject of the training model and are beyond the scope of this study.
ConCluSIon
We believe that laboratory training is an important step for training in invasive pain procedures. This model of cadaveric sheep spine does simulate well the standard steps of the percutaneous transforaminal epidural injection to the lumbar spine, and is a useful method for accustoming pain trainees and residents to transforaminal procedures performed on the human spine. The optimal target point for transforaminal epidural steroid injections lies on the posterior surface of the vertebral body, adjacent to the caudal border of the pedicle above the target nerve, opposite the sagittal bisector of the pedicle. When viewed under scopy, this point also described as the 6 o'clock position lies in the upper margin of the traditionally described ''safe triangle'' (12, 17) . A needle may be introduced into the upper and lateral reaches of the triangle and adjusted to the point, if necessary, with less risk of puncturing the dural sleeve of the target nerve. The 6 o'clock position is used because the dural sleeve typically ends medial to this position (12, 17) . When properly performed, transforaminal injections should result in ventrolateral contrast spread along the segmental nerve. The target is the segmental nerve and dorsal root ganglion within the radicular canal. We, thus, believe that training on models is necessary before procedures in the patient.
Animal models have been commonly used for in vivo and in vitro spinal research. The animals selected for spine in vivo research must be of an appropriate size both at the beginning and at the end of the experiment. Sheep spine may be a useful model for experiments related to the gross structure of the spine (18) . Sheep spines are easily available and provide an alternative to human cadavers (5, 8, 14) . The practice on cadaveric sheep spines described here has several advantages: the material is cheap, convenient to manage, and easy to obtain, and neither a specific facility for maintaining living animals nor anesthesia is required. The preparation of model is very simple. Regarding the regional differences sheep is more convenient and easier too find our country. The use of cadaveric sheep spine raises no ethical considerations. The specimen should be provided from a known source and from animals under veterinary control. We also recommend that instruments used in the study should not be used in human subjects, and all sterilization measures should be absolutely rigorous. Cleaning instruments and table tops with sodium hypochlorite (2-hour exposure to 20,000 ppm chlorine) may be advisable.
Height is greater in the sheep spine than in the human spine in the thoracic and lumbar regions, but the width and depth are less (18) . Another difference is the curvature in the lumbar spine, which for the sheep is slightly kyphotic rather than lordotic (16) . The lower transition to a decreasing pedicle height, which occurs at T11-T12 in the human spine, does not occur until L5 in the sheep spine. Thus, the differences again become exaggerated in the lumbar spine, with pedicle and vertebra height actually being more closely correlated in the sheep than in the human spine (16, 18) . The spinal canal width are nearly identical, although they differ in value, again mostly toward the extremes. The sheep and human spinous process in the lumbar region is about the same length. The tip-to-tip transverse process width is very similar between in the cervical and thoracic regions but diverges somewhat in the lumbar spine (16, 18) . Facet height and width mostly overlap between the sheep and human, except for width
